Ni-Mn alloys containing less than 25.70% manganese were melted in argon atmosphere and then heated in hydrogen
I. Introduction
It became clear in a previous paper(1) that Ni-Mn alloys containing less than about 24% manganese exhibit high permeability by heating in vacuum at meability alloys have been named "Nimalloy." It is not considered, however, that the alloys are sufficiently homogenized by these treatments since a large discrepancy between the solidus and liquidus lines in the Ni-Mn system may result in tremendous segregation of the alloys on solidifying. Therefore, homogenization and purification of the alloys are made at properties of "Nimalloy" are re-examined.
II . Experimental Procedure
The alloying materials employed were the same kinds of electrolytic nickel and electrolytic manganese as described in previous work(1). The materials in a total weight of 800g were melted in a high-purity alumina crucible by the use of a high frequency electric induction furnace in an argon gas of atmospheric pressure. underwent various heat treatments. The specimens used were 19 kinds of Ni-Mn alloys containing manganese up to 25.70%. On the other hand, the specimens used for measurements of intrinsic magnetic induction and electrical resistivity were prepared to have a dimension of about 2 mm diameter and about 100 mm length from the above-mentioned ingot in the same way as already mentioned(1). Magnetic measurements were carried out by the ballistic and the automatic recording fluxmeter methods. The latter was used exclusively for the measurement of hysteresis curves, the errors. being less than 0.5%. The electric resistivity was measured by the potentiometric method.
III. Experimental Results and Discussion
As a preliminary experiment, alloy No. 13 (21.70% Mn) was heated at various temperatures between 900 hr in the previous paper(1) can not sufficiently improve Table 1 . Figure 6 shows the magnetization and hysteresis curves of alloy No. 11 (20.50% Mn) and alloy No. 13 (21.70% Mn). It is evident from the figure that the magnetic properties of the alloys were greatly improved as compared with the previous result(1).
Figures 7(a) and (b) indicate the magnetization and hysteresis curves of alloy No. 17 (23.85% Mn, Ni3Mn) and 20hr. This alloy exhibits the Perminvar characteristic. The magnetization curves in Fig. 7(a) can be divided into the curves (A) and (B), suggesting that the alloy consists of two ferromagnetic phases. The shapes of the hysteresis curves vary with the strength of maximum magnetic induction and depend strongly on the magnetization of the two phases, which are expected to be composed of long and short range orders. It is to be noted that the hysteresis curve shown by the solid line in Fig. 7(b) is plotted after the mag-Effect of the Homogenizing Treatment on the Properties of High Magnetic Permeability Alloy "Nimalloy" netization in each magnetic field has sufficiently been stabilized. For example, for the determination of the ' point 3' on the solid line, the magnetic field should be rapidly reduced from the stabilized 'point 1' to the ' point 2'. Then the magnetization varies with time from the 'point 2' to the 'point 3'. The variation in magnetization with time is corresponding to the magnetic after-effect observed by Taoka(2), Yokoyama and Satoh(3) for the alloy near the composition Ni3Mn. The magnetic after-effect may be caused by the thermal agitation at room temperature of the fine rod-like superlattice structure in the matrix of short range order. This phenomenon came out intensely in the alloys of compositions near Ni3Mn and it was fairly observed even in alloy No. 13 containing a relatively small amount of manganese (21.70%). The Perminvar characteristic and the magnetic after-effect are the principal causes for the lowering of permeability. degree of order by the proper heat treatment it becomes possible to obtain such a very high value of maximum permeability as 93000 in alloy No. 11. However, the curve of the latter alloy indicates a bend at low temperature which corresponds to the magnetic transformation point of the short-range ordered phase(4), and the alloy consists of a nonmagnetic shortrange ordered phase and a ferromagnetic long-range ordered phase at room temperature.
Consequently it can be expected that the displacement of domain walls becomes difficult and the high initial permeability of the alloy itself can hardly be demonstrated. In sum, in order to develop the high permeability of Ni-Mn alloys less in Mn content than Ni3Mn, it is necessary to suppress the formation of the short-range ordered phase and to generate a uniform long-range ordered phase to a desirable extent by an appropriate heat treatment below the order-disorder transformation point after heating at high temperatures for homogenization.
IV. Conclusions
Specimens of 19 kinds of ferromagnetic Ni-Mn cooled from a temperature above the order-disorder transformation point at various cooling rates or further baked at a different temperature below the orderdisorder transformation point. Magnetic properties, electrical resistivity and temperature coefficient of resistivity of the alloys at room temperature were measured, with the major results summarized as follows:
(1) In general, the above-mentioned Ni-Mn alloys bear a close resemblance in the relationship between permeability and cooling rate or baking time to the alloys studied previously(1) which were melted in air baked at a temperature below the order-disorder transformation point.
The highest initial permeability of 24500 is shown by the Ni-20.50% Mn alloy which was similarly heated highest values are extremely large as compared with the initial permeability of 6860 and the maximum permeability of 20400 for the "Nimalloy" studied in the previous work.
(2) With baking time, the intrinsic magnetic induction at 10 Oe increases under a baking temperature mation point, beyond which temperature only the alloys near the Ni3Mn composition show a continued increase. The Ni-20.50% Mn alloy which is highest in maximum permeability shows the intrinsic magnetic induction of 1970 G.
(3) The minimum values of hysteresis loss and coercivity for the maximum magnetic induction of 2000 G are 2.73 erg/cm3/cycle and 0.0048 Oe, respectively, for the Ni-20.50% Mn alloy which is highest in maximum permeability. The alloy shows
